Summary: The development of the ferret ileum was studied in order to determine the pattern of morphological maturation during the postnatal period. In the newborn, intestinal villi were short, and lined by simple columnar enterocytes with striated borders and small vacuoles. At one week old, the equivalent cell had large vacuoles that were shown on TEM to be related to a tubulovesicular system in the apical region of the cytoplasm. At two and three weeks old, the epithelial cells at the same site showed a more extensive tubulovesicular system, and vacuoles occupied major areas of both the supra-and subnuclear cytoplasm. At six weeks old (weaning), although the enterocytes contained a few small intracellular vesicles, they appeared histologically more mature than in previous stages. At nine weeks and in the adult, the villi were longer and the enterocytes no longer contained vacuoles. In TEM, the epithelial cells had long microvilli, and the apical tubulovesicular system and vacuoles had completely disappeared from the cytoplasm.
The ferret is being used increasingly in experimental work for gastroenterological studies since it is a carnivorous mammal with a gastrointestinal tract anatomically similar to that of man, dogs and cats. (Stephens and Pfeiffer, 1968; Jacob and Podder, 1987) .
There have been a number of morphological studies of the gut in the ferret (Stephens and Pfeiffer, 1968; Pfeiffer and Peter, 1969; Pfeiffer, 1970; Fodder and Murgatroyd, 1976; Bueno et al., 1981; Mackay and Andrews, 1983) . However, few investigations have been made of the morphological development in the ferret during the postnatal period, apart from those of the gastric glands by Asari et al., 1988 , and of the small intestinal epithelium by Williams and Beck, 1969; Clark and Hardy, 1970; and Carlile and Beck, 1983 .
The purpose of this paper is to provide some information concerning morphological changes in the ileal wall and enterocyte of the laboratory ferret during normal postnatal development.
Materials and Methods
Twenty-eight male ferrets (Mustela putorius furo) were used, comprising five newborns (less than 24 hours old), six animals each of one, two, three, six (weaning) and nine weeks, and five adults. The adults were approximately one year old. Each animal was anaesthetised with sodium pentobarbital (Nembutal; Ceva), the heart was exposed and a cannula was quickly introduced into the left ventricle. The right atrium of each ferret was opened, and the animals were perfused with normal saline for from about fifteen seconds to 2 minutes until approximately clear fluid emerged from the opening. Following this, a fixative containing 2.5°7o glutaraldehyde in 0.1 M phosphate buffer (pH 7.2) was introduced through the cannula. Then, the ileal tissue proximal to the level of the ileo-colic junction was determined by the pattern of the jejunal artery's anatomosis with the ileocolic artery, was dissected out (removing about 2-5°7o of the entire small intestine), cut into small pieces, and immersed in the same fixative for two hours at 4°C. After repeated washings in buffer, the specimens were postfixed in 107o aqueous osmium tetroxide at room temperature for 60 minutes. After postfixation, the tissue were dehydrated in a graded series of ethanol solutions and embedded in epoxy resin (Quetol 812; Nisshin EM). Thick sections were cut to 0.9 urn and stained with methylene blue. Ultrathin sections were cut and stained with uranyl acetate, and subsequently with lead citrate. They were examined with a JEOL 100 CX transmission electron microscope.
Histo-cytometric data were obtained using an image analyzer (Mop-Videoplane; Kontron) as follows, Light microscopic morphometry: An image analyzer system and a light microscope equipped with a drawing tube were used for histomorphometry. The height of the villi, the depth of the crypts and the thickness of the muscularis externa were measured in various sections from various blocks at each age. The population of goblet cells in the neonatus and animals nine weeks old was expressed as a percentage of the total number of epithelial cells covering the villus counted (40 to 120 per sample). To facilitate measurement, those areas in which the villi were sectioned perpendicularly and were continuous with their basal region were selected. Ultrastructural morphometry: Electron micrographs of nine to thirteen absorptive cells covering the upper part of a villus, were selected from the areas in which the columnar cells were sectioned perpendicular to the basement membrane. Micrographs were placed on a digitizer and the length of the microvilli in each cell was traced.
Results
Histo-cytometric data are shown in Tables 1-4 . In the newborn ferret ileum, villi were present as stubby projections, but crypts were not yet distinct. The villi and intestinal floor were lined by simple columnar enterocytes with shallow striated borders. The cells in the upper parts of the villi often contained small vacuoles in the apical portion. There were also goblet cells (16.3% ± 1.39). The muscularis externa was represented by only 2-3 layers of myoblasts and scanty, delicate connective tissue (Fig. 1 ). Mitotic and endocrine cells could also be seen in the intestinal floor at this stage. In transmission electron micrographs (TEM), the cytoplasm of the few epithelial cells covering the upper parts of the villi was seen to contain an apical tubulovesciular system, as well as numerous small membrane-bound vacuoles and inclusion bodies in the supranuclear region (Fig. 2) .
At one week old, the villi were longer and more numerous. The intestinal crypts were seen as rounded clusters of cell sat the bases of the villi. Epithelial cells covering the upper parts of the villi had large vacuoles in the supranuclear region and were distinguishable from the goblet cells (Fig. 3) . At this stage, connective tissue elements formed a larger portion of the intestinal wall and of the cores of the villi. The muscuralis externa and submucosa were more defined. In TEM, the epithelial cells in the upper parts of the villi had large and irregularly shaped vacuoles containing varying amounts of flocculent precipitate. These vacuoles appeared to form by fusion of smaller ones as well as, from active apical tubulovesicular system (Fig. 4) . In contrast, less mature cells of the lower parts of the villi contained numerous small and irregular vesicles in the apicalcytoplasm and had a less developed tubulovesicular system.
At two and three weeks old, the villi had increased in both number and height, nearly (402 pm) or about half their ultimate height in the adult ( Table 1) . The developing intestinal crypts had also increased in depth (Fig. 5) . The lamina propria and submucosa were well vacuoles in the apical region. At three weeks old, there were no major changes, except that the cells which contained vacuoles in the upper parts of the villi appeared to decrease in number, and their vacuoles tended to lie in the subnuclear region. At six weeks old, the villi had developed considerably and were longer (Fig. 7) . The enterocytes containing only a few small intracellular vesicles in the supranuclear cytoplasm were now prominent at the apex of each villus. The cells appeared histologically more mature than at previous ages. At nine weeks old and in the adult, the villi had well-developed connective tissue cores. The enterocytes covering the villi no longer contained vacuoles in these stages (Fig. 8) . Goblet cells were irregularly scattered among the absorptive cells throughout the ileal epithelium (31.4% ± 1.79 in nine weeks old). The shape of the villi and the structure of the absorptive enterocytes at nine weeks of age were the same as in the adult. Intestinal crypts were also deeper than at younger age. In TEM, the epithelial cells had long microvilli on their luminal surface. In the cytoplasm, the apical tubulovesicular system and vacuoles had completely disappeared, and the Golgi apparatus, cisternae of rough endoplasmic reticulum and several mitochondria were widely distributed throughout the cells. Free ribosomes were also found in moderate numbers in the cytoplasm. Development of junctional complexes and membrane interdigitation was seen between adjacent cells (Fig. 7) .
Discussion
There are many descriptions of the vacuolation of epithelial cells early in the development of several species (Clark, 1959; Clarke and Hardy, 1969 , 1970 , 1971 Hardy et al., 1971; Rodenwald, 1973 ; Cathie and Beck, 1983; Kiso et al., 1988) , and similar vacuolated cells occur transiently in the proximal colon of neonatal piglets (Wooding et al., 1978) . These vacuolated cells have been implicated in the transfer of intact maternal antibodies from the colostrum for passive immunity, and in the transfer of macromolecules from the intestinal lumen for nutritional purposes during the (Clark, 1959; Rodenwald, 1973 Carlile and Beck 1983 ). This 9 variation among animal species appears to be due to differences in the manner of uptake of colostrum from the mother. For example, it is known that in the calf and the pig passive immunity is transmitted largely by intestinal absorption of itnact antibodies during suckling. By contrast, the ferret and rat represent intermediate species where antibodies are transmitted from the mother to the offspring both across the placenta and by intestinal absorption during suckling. Moreover, it might also relate to the relative activity and the structural maturity of each species at birth. For example, it is well known that ruminants are very vigorous at birth while the rodents are still nest-bound at that time.
In a recent study of ferret gastric glands (Asari et al., 1989) , the most distinct histological change during development was the initial appearance of the main gastric cell types by two weeks of age, followed by rapid histological maturation until weaning. Judging from this result and from the current study, the most significant time in the development of the ferret gastrointestinal tract during the postnatal period may be between one and three weeks of age. After this stage, the villi of the ileum gradually become covered by enterocytes with the ultrastructural features typical of those in the adult and the pattern of absorption changes from the endocytosis of intact proteins to the uptake of soluble end-products of the digestive process.
